The genus Massilia belongs to the family Oxalobacteraceae of the class Betaproteobacteria in the phylum Proteobacteria. The genus was first described by La Scola et al. [1] on the basis of a single clinical isolate from the blood of a 25-year-old immunocompromised patient with cerebella lesions. Later, K€ ampfer et al. [2] transferred all species of the genus Naxibacter to the genus Massilia. Members of this genus are characterized by Gram-stain-negative, aerobic, non-spore-forming, motile rods with Q-8 as the major respiratory quinone. The polar lipid profile contains predominantly diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol. The DNA G+C content ranges from 62.2 to 69.4 mol% [3] .
While developing a new culture method for not yet cultured soil bacteria, we identified three novel strains from forest soil at Kyonggi University, Suwon, Gyeonggi-Do, South Korea. Soil samples were collected, dried and passed through a mesh sieve to remove gravel and plant debris. A soil aliquot of 3 g was added to a diffusion bioreactor (Fig.  S1 , available in the online Supplementary Material) which contained 300 ml of R2A broth (proteose peptone, 0.5 g; yeast extract, 0.5 g; acid digest of casein, 0.5 g; glucose, 0.5 g; soluble starch, 0.5 g; dipotassium phosphate, 0.3 g; magnesium sulfate, 0.024 g; and sodium pyruvate, 0.3 g). In addition, cycloheximide (50.0 mg l
À1
) and chloramphenicol (0.1 g l À1 ) were aseptically added into R2A medium after cooling to 50 or 60 C, to prevent the bacteria and fungi contamination. The culture chamber was incubated at room temperature, with continuous stirring for 5 weeks. This system efficiently transferred trace nutrients in the soil into the liquid culture through the microporous membrane (0.4 µm) for their growth. The inoculum from the broth was spread onto SE-R2A agar plates (1 : 1, v/v) and incubated at 20 C for 5 weeks. In order to prepare the soil extract (SE), 1000 g of soil was mixed with 2 l of distilled water and incubated overnight at room temperature. The mixture was filtrated and then centrifuged for 10 min at 7616 g. The supernatant was sterilized through a 0.2 µm membrane filter. The bacterial strains grew well on SE-R2A agar plates and distinct colonies were individually re-streaked on R2A agar plates until pure colonies were obtained. The genomic DNA of each novel strain was prepared as described by Pitcher et al. [4] . A Nanodrop 2000 (Thermo Scientific) was used to check the purity and concentration of DNA in each sample. The PCR sequencing (Macrogen, Korea) was performed using universal primers 27F (5¢-AGA GTT TGA TCM TGG CTC AG-3¢) and 1492R (5¢-TAC GGY TAC CTT GTT ACG ACT T-3¢) [5] . Sequences of related taxa were obtained from the GenBank database and the EzTaxon-e server (www.ezbiocloud.net/eztaxon) [6] . The 16S rRNA gene sequences of the three novel strains were subjected to multiple alignments with the sequences of closely related bacteria using CLUSTAL_X 2.1 [7] . After multiple alignments, gaps at the 5¢ and 3¢ ends were deleted using the software package BioEdit [8] . Phylogenetic trees were reconstructed by three different methods: the neighbourjoining method [9] , the maximum-parsimony algorithm [10] and the maximum-likelihood algorithm [11] using the MEGA6 program [12] . During the phylogenetic analysis, evolutionary distances were calculated using the Kimura twoparameter model [13] , and bootstrap values were calculated based on 1000 replications [14] .
The cell morphological properties were observed by light microscopy (BX50 microscope; Olympus, Tokyo, Japan) and by using a transmission electron microscope (H7650; Hitachi), respectively, after 2-4 days of incubation on R2A agar at 28 C. Growth of the strains J18 T , J11 T and J9 T was assessed on various different media, including R2A agar (MB Cell), nutrient agar (NA; Oxoid), trypticase soya agar (TSA; Oxoid), MacConkey agar (MA, Oxoid), marine agar (Difco), brain heart infusion agar (BHI; Bacto), and LuriaBertani agar (LB, Oxoid). The temperature range for growth was determined by incubation under different temperatures (4, 10, 15, 20, 25, 28, 30, 35, 37, 40 , 45 and 50 C) on R2A at pH 7.2±0.2. Various pH values for growth were determined by cultivation in R2A broth adjusted to pH 3.0-12.0 (at 1.0 pH unit intervals) buffered with 0.1 M citrate/sodium citrate (pH 3.0-5.0), 0.1 M NaOH/KH 2 PO 4 (pH 6.0-8.0), 0.01 M Na 2 CO 3 /NaHCO 3 (pH 9.0-10.0) [3] or 1 M NaOH (pH 10.0-12.0). Tolerance to NaCl was tested in R2A broth supplemented with 0-10 % (w/v) NaCl (in increments of 1 %). Anaerobic growth was assessed by cultivation of the strains on R2A agar in a BBL (Becton Dickinson) anaerobic jar with a Gas Pak TM EZ Gas Generating Container (Becton Dickinson). All the tests were conducted at 28 C for up to 5 days.
Motility was tested by culturing the organism in R2A medium containing 0.4 % agar. Spore-and Gram-staining was performed according to the method used by Rohde [15] . Tests for hydrolysis of casein, aesculin, gelatin, starch, Tween 40, Tween 60, Tween 80, and production of indole and H 2 S were carried out as described by Smibert and Krieg [16] . Catalase activity was determined as the production of bubbles after the addition of 3 % (v/v) hydrogen peroxide (H 2 O 2 ). Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. A DNase assay was performed with DNase agar (Oxoid), and the clear zone was detected by the addition of 1 N HCl. Urea hydrolysis was established on urea broth base (Oxoid) with the presence of sterile 40 % urea solution (Oxoid). Other biochemical and carbon source utilization tests were conducted using API 20NE, 32GN and API ZYM strips (bioM erieux, France), and in some cases, in combination with traditional methods.
Results were recorded after 5 h of incubation at 37 C for the API ZYM strips and the other API strips were examined after 5 days at 28 C. All experiments were performed in triplicate.
The polar lipids were analysed by two-dimensional thinlayer chromatography (TLC) using chloroform/methanol/ water (65 : 25 : 4; v/v/v) in the first direction, followed by chloroform/acetic acid/methanol/water (40 : 7.5 : 6 : 2; v/v/v/ v) in the second direction as previously described by Minnikin et al. [17] . The following reagents were used to identify the spots: molybdophosphoric acid (150 C, 15 min) was used to detect total polar lipids; 0.2 % ninhydrin (110 C, 15 min) was used to detect amino lipids; molybdenum blue was used to detect phospholipids; and a-naphthol reagent was used to detect glycolipids. A solvent mixture of chloroform-methanol (2 : 1; v/v) was used to extract the respiratory quinone, which was evaporated under vacuum conditions and re-extracted in n-hexane-water (1 : 1; v/v). The mixture was then purified using Sep-Pak Vac silica cartridges (Watters, Ireland). Finally, ubiquinone was extracted according to the method of Hiraishi et al. [18] and investigated by high-using a performance liquid chromatography (HPLC) MD-2015 UV detector (JASCO). For cellular fatty acid analysis, bacteria were prepared on R2A agar plates at 28 C for 48 h in aerobic conditions, and extracted using the protocol previously described by Sasser [19] and analysed by gas chromatography (Hewlett Packard 6890) using the Microbial Identification System (MIDI; Sherlock version 6.0) software package.
Polyamines were extracted as previously described by Busse and Auling [20] . Approximately 0.5 g of lyophilized cells was taken in to screw capped tube for polyamine analysis. Ten millilitres of 0.2 M HClO 4 was added in screw-capped tube and kept in water bath at 100 C for 40 min by shaking 2-3 times. Each mixture contained the internal standard 1,8-diaminooctane (25 µmol/40 mg of cells). The sample was then transferred into a 50 ml centrifuge tube and centrifuged at 7000 r.p.m. for 5 min at room temperature. Three millilitres of supernatant was taken in to a fresh falcon tube and 4.5 ml of Na 2 CO 3 solution (100 mg per ml of water) and 8 ml of dansyl chloride solution (7.5 mg per ml in acetone) were added. The tube was closed tightly, and dansylation was performed at 60 C for 20 min in water bath. Subsequently, 1 ml of proline solution (50 mg per ml of water) was added to bind with an excessive amount of dansyl chloride during incubation at 60 C for 10 min in water bath. After cooling to 5 C, the polyamines were extracted with 3 ml of toluene with rigorous shaking. The upper layer was filtered through 0.22 µm filter paper and injected into the HPLC equipment. The sample peaks were compared with standard polyamines.
The DNA G+C content was determined according to the method of Mesbah et al. [21] . Chromosomal DNA was enzymatically degraded into nucleosides by P1 nuclease and then treated using alkaline phosphatase. The mixture of nucleosides obtained was separated by reverse-phase HPLC. Genomic relatedness between the three isolated strains and their closely related reference strains was determined by DNA-DNA hybridization as described by Ezaki et al. [22] , using photobiotin-labelled DNA probes (Sigma-Aldrich) and microdilution wells. Salmon sperm (Invitrogen) was used as the negative control for the DNA-DNA hybridization assay. The plate was read using a Victor X2 2030 multilabel reader (PerkinElmer). Hybridization was performed using five replications for each strain. The highest and lowest values obtained were excluded and the mean of the remaining three values was quoted as the final DNA-DNA relatedness value.
The strains J18
T , J11 T and J9 T were Gram-stain-negative, aerobic, non-spore-forming bacteria comprising rod-shaped cells (Fig. S2 ) and flagella were observed under transmission electron microscope. Strain J18
T was catalase-and oxidasepositive; meanwhile, strains J11
T and J9 T were catalase-negative and oxidase-positive. They grew well on R2A, LB and NA, but did not grow on TSA, MA and BHI. Growth occurred in the pH range from 4.0 to 10.0 for strains J18 T and J11
T ; however strain J9 T grew at pH 4.0-9.0. The three isolated strains grew well at 10-40 C (optimal growth at 28-37 C), but growth could occur at 4 and 45 C, which is their distinct feature from the other species of the genus Massilia. Cells grew optimally in the absence of NaCl. Hydrogen sulphide and indole were not produced in SIM medium. All strains in this study were able to reduce nitrate to nitrite and were positive for degradation of Tweens 40, 60 and 80; strain J11
T was weakly positive for degradation of Tween 80. (Table S1 ). The maximum-likelihood tree ( Fig. 1) showed that the three isolated strains were clustered in a branch distinct from recognized members of the genus Massilia, which was consistent to the corresponding branch recoveries in the neighbour-joining and maximum-parsimony trees. The G+C contents of strains J18
T , J11 T and J9 T were 63.4, 68.7 and 64.5 mol%, respectively. These values are consistent with those of recognized members of the genus Massilia, which range from 62.2 to 69.4 mol%.
The unique respiratory ubiquinone Q-8 as the predominant isoprenoid quinine was detected in all three novel strains. Their major polar lipids were diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol. In addition, minor amounts of unidentified amino lipids in strains J18
T (AL1-3), J11 T (AL1-2), and J9 T (AL1-4), and an unidentified phospholipid in strain J11
T and strain J9 T (PL), were detected. Moreover, one unidentified lipid (L) was also detected in all three strains (Fig. S3) . The major polyamines were putrescine (J18: 95.2 %; J11: 84.8 %; J9: 95.6 %) and 2-hydroxyputescine (J18: 4.8 %; J11: 15.2 %; J9: 4.4 %), which were detected in all three strains. The fatty acids of strains J18 T , J11 T and J9 T included C 16 : 0 (38.4, 42.1 and 36.7 %, respectively), summed feature 3 (37.0, 30.1 and 34.7 %, respectively), that are typical cellular fatty acids of the genus Massilia (Table 2) .
Based on distinct characteristics of morphological, physiological, chemotaxonomic and genotypic characteristics, the significant branch separation amongst members of closely related species of the genus Massilia in the phylogenetic tree, and the combined DNA-DNA hybridization results, we conclude that strains J18 T , J11 T and J9 T represent three novel species of the genus Massilia, for which the names Massilia solisilvae sp. nov., Massilia terrae sp. nov. and Masssilia agilis sp. nov., respectively, are proposed.
DESCRIPTION OF MASSILIA SOLISILVAE SP. NOV.
Massilia solisilvae sp. nov. (so.li.sil¢vae. L. n. solum soil; L. n. silva forest; N.L. gen. n. solisilvae of/from forest soil). All results were obtained in this study except the signs and values indicated. All strains showed a positive for alkaline phosphatase, nitrate, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphtol-AS-BI-phosphohydrolase, but a negative for Lipase (C14), a-galactosidase, a-mannosidase (API ZYM kit). Using the ID 32 GN kit, sodium acetate, L-rhamnose, N-acetyl-glucosamine and D-sorbitol were not assimilated. Using the API 20 NE kit, all strains were unable to utilize L-tryptophane, D-mannitol and trisodium citrate. 
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